Objectives: The HIV-1 CRF19_cpx genetic form has been recently associated with greater pathogenicity. We used CoRIS, a national cohort of 31 reference hospitals in Spain, to investigate the current epidemiological situation of this variant in Spain.
Introduction
The HIV-1 CRF19_cpx genetic form (A, D, G intersubtype circulating recombinant form), described for the first time in Cuba in 2005, 1 has been associated with great pathogenicity: patients are diagnosed with high viral loads, high RANTES chemokine expression and rapidly progress to AIDS. 2 One characteristic of this genetic form is its failure to spread widely to other countries: 80% of the sequences included in the Los Alamos HIV sequence database (LANL) come from Cuba and the prevalence for Spain is ,1%. 3, 4 Nonetheless, the recent finding of several transmission networks in eastern Spain (Valencia) in which HIV-positive male patients are infected with the HIV-1 CRF19_cpx genetic form indicates that this genetic form is likely to expand in the coming years. 5 The Cohort of the Spanish Network of AIDS Research (CoRIS) 6 is a national prospective multicentre cohort formed exclusively of naive HIV-positive patients from 31 reference Spanish hospitals. Over time, CoRIS has offered a valuable source of clinical, demographic and virological information to study the prevalence of different genetic forms of HIV-1, 3, 4 and has enabled epidemiological monitoring of resistance to different first-line antiretroviral drugs. 4, 7, 8 Phylogenetic studies applied to large series of sequences are essential to monitor the impact of migration on a given local epidemiology, [9] [10] [11] [12] and to establish the origin and diversification of certain transmission networks. [12] [13] [14] In this study, we used several phylogenetic analysis tools to investigate the current epidemiological situation of the HIV-1 CRF19_cpx variant in Spain.
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Patients and methods

Study population
The analysis included 4734 partial pol gene sequences [protease (PR) codons 4-99; reverse transcriptase (RT) codons 38-247] of all the newly HIV-1 diagnosed patients during the 2007-15 period retrieved in CoRIS. Viral sequences were generated from the earliest sample available before ART initiation (baseline) and were linked to demographic (risk group, age, gender, country of origin and attending hospital of origin), clinical (CD4! T cell count) and virological (viral load) information.
Ethics
All subjects provided written informed consent to participate. The study was reviewed and approved by the institutional review boards of all the participating centres.
HIV-1 subtype assignment
A preliminary search for the HIV-1 CRF19_cpx genetic forms was done using the REGA 3.0 subtyping tool (http://dbpartners.stanford.edu: 8080/ RegaSubtyping/stanford-hiv/typingtool/). All these variants were definitely confirmed by a phylogenetic analysis, which was performed by maximum likelihood (ML) analysis with the randomized accelerated ML (RAxML) program, accessible via the CIPRES Science Gateway. 15 For this analysis, a general time-reversible (GTR) model with c-distributed rate heterogeneity across sites and 1000 bootstrap iterations was employed. A representative data set of HIV-1 sequences group M, pure subtypes (A-K) and recombinant forms (at least four representative sequences of each pure subtype and the CRF currently available from the analysis) from LANL was taken as a reference. The HIV-1 CRF19_cpx classification was considered consistent if the query sequence was included with the corresponding reference sequences in a monophyletic cluster supported by high bootstrap values (.70%). 16 Analysis of the phylogenetic relationship among the patients infected with HIV-1 CRF19_cpx
In order to characterize the phylogenetic relationship between the sequences found in the HIV-1 CRF19_cpx genetic form in Spain, these sequences were analysed with all the sequences available in LANL (start 2279, end, 3290; HXB2 nucleotide position) (last accessed December 2016): 162 sequences [Cuba (n " 152), Spain (n " 5), UK (n " 1), USA (n " 3), Greece (n " 1)]. As the breakpoints in the pol region were lacking for the HIV-1 CRF19_cpx genetic form (subtype D in pol), a consistent data set of 100 HIV-1 subtype D sequences retrieved from LANL was added. All the sequences were aligned through ClustalW 17 and were manually edited. Given the convergent evolution of the antiretroviral drug resistance mutations in the phylogenetic analysis, 18 all the drug resistance mutations were removed (drug resistance mutation present in at least two patients) that were associated with the codons with major resistance in PR (30, . A preliminary analysis was run using ML in RAxML with the best-fitting model of nucleotide substitution obtained through FindModel (at http://www.hiv.lanl.gov/content/sequence/findmodel/findmodel.html).
The best-fitting model with the lowest Akaike's information criterion (AIC) in Find Model was the GTR model with c-distributed rate heterogeneity across sites using 1000 bootstrap iterations. We investigated the presence of associations between the HIV-1 CRF19_cpx Spanish sequences from the CoRIS cohort with related nodes by taking bootstrap values 90% as significantly reliable node supports. To confirm the transmission networks that grouped the sequences from the CoRIS cohort, a Bayesian Markov Chain Monte Carlo (MCMC) approach was applied to all the HIV-1 CRF19_cpx (n " 181) genetic forms, as implemented in v. 1.7.5 of BEAST. 19 The
Shapiro-Rambaut-Drummond-2006 (SRD06) substitution model was used, together with a relaxed uncorrelated log-normal clock (UCLN).
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A comparison was made among the different demographic models (Bayesian Skyline Plot, Constant, Exponential and Logistic) using Tracer v. 1.6 and the best model was chosen according to the lowest AIC through MCMC (AICM). Each MCMC approach was run for 250 million states by sampling every 50000. Only traces with an effective sample size (ESS) of .200 were accepted in v. 1.6 of TRACER after excluding an initial 10% (http://tree.bio. ed.ac.uk/software/tracer/). These previously defined transmission networks (through ML) were confirmed by Bayesian inference using posterior probability (pp) values .0.9 as the thresholds. Finally, the most recent common ancestor for these clusters was estimated.
Analysis of antiretroviral drug resistance mutations
We analysed drug resistance mutations with the HIVseq program, available from the HIV Drug Resistance Database of Stanford University (https:// hivdb.stanford.edu/hivseq/by-sequences/) and the WHO surveillance drug resistance mutation list (last updated in 2009 by Bennett et al.
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Results
Nineteen patients (0.4%) were infected with the CRF19_cpx variant during the period 2007-15. The demographic, clinical and virological characteristics of these patients are shown in Table 1 .
All the patients were male, their mean age was 42.9 years (95% CI: 36.4-52.5 years), the majority were MSM [n " 18 (95%)] and of Spanish nationality [n " 16 (84.2%)] and they were from different areas [Malaga (n " 7), Valencia (n " 4), Seville (n " 3), Madrid (n " 2), Barcelona (n " 2) and the Canary Islands (n " 1)]. They had a median CD4! T cell count of 415.7 cells/mm 3 (95% CI: 317.7-513.7 cells/mm 3 ) and a median viral load of 5.1 log 10 copies/mL (IQR: 4.4-5.5 log 10 copies/mL).
The ML phylogenetic tree ( Figure 1 ) demonstrated that 15 of the 19 patients (78.9%) were grouped into four different transmission clusters. Table 2 provides their demographic, clinical and virological characteristics. Three transmission clusters formed by two patients were found: two clusters grouped the patients from Valencia (clusters II and III) and another cluster related one patient from Seville and another from Madrid (cluster IV). We found one larger-sized transmission cluster (cluster I) that grouped the nine patients from southern Spain: seven from Malaga and two from Seville. In this cluster, six of the patients harboured mutation G190A in the RT gene. Finally, we found four unrelated patients, three of Cuban nationality, whose sequences grouped with other sequences from Cuba. Table 3 shows the time to the most recent common ancestor obtained for the various transmission clusters using different demographic growth models. Bayesian inference analysis confirmed the presence of these transmission clusters (pp . 0.9).
We found that the constant demographic growth model obtained a better fit (with a lower AICM value). Figure 2 represents the maximum clade credibility tree used when this model was applied. To date, none of the patients presents AIDS symptoms. Thirteen of the 19 patients started ART, of whom nine were treated with an NNRTI, rilpivirine, and with two nucleoside RT analogues: emtricitabine and tenofovir disoproxil fumarate. The treated patients progressed favourably to show undetectable viral loads.
Discussion
We demonstrate that HIV-1 variant CRF19_cpx continues to progressively extend between Spanish MSM from different areas of Spain and that most of these patients present high CD4! T cell levels, which suggests that many of these patients could present acute or recent infection. According to the latest follow-up, now available in CoRIS, none of the patients infected with this variant has progressed to AIDS. All the patients who started treatment have successfully been suppressed.
CRF19_cpx infections in Spain have either been restricted mainly to patients from Cuba or have eventually been reported in Spanish native patients infected from Cubans. 3, 4, 22, 23 Only five HIV-1 CRF19_cpx sequences retrieved in Spain have been reported to the LANL database throughout 2002-14 and these were phylogenetically related mainly to the viruses that circulate in Cuba. Only the last two sequences included in LANL in 2014 originated from two young Spanish MSM patients. This finding suggests a change in CRF19_cpx epidemiology in Spain and indicates that this variant has definitely been introduced into Spain and has been propagating in the young MSM population there in the recent years.
Our data agree with those presented by Patiño Galindo et al. 5 in the Valencian community, who found a similar origin for the first transmission networks at the end of 2010. We also demonstrate the expansion of this variant in southern Spain; in this case the variant is associated with mutation G190A, which confers on most of these patients a high level of resistance to nevirapine and an intermediate level of resistance to efavirenz. Nevertheless, all the patients who started treatment have been successfully suppressed with first-line regimes that were not based on these antiretroviral drugs.
Fortunately, none of the HIV-infected patients with the CRF19_cpx genetic form displayed AIDS symptoms at the time of the last follow-up, which might be closely related to diagnosis and early ART. Although these data must be interpreted cautiously, since it has been previously demonstrated that patients infected with this genetic form exhibit a greater pathogenicity, 2 our data do not support this observation.
The spread of a new genetic form via a transmission cluster in MSM has previously been found to be directly related to its higher prevalence in a given area, [24] [25] [26] or even to a higher proportion of patients who exhibit resistance to antiretroviral drugs. 27 It is therefore extremely important to undertake collaborative efforts to perform continuous epidemiological monitoring to forecast future outbreaks of CRF19_cpx and other new HIV variants.
Our study has several limitations. Firstly, we have analysed the CoRIS population, which may not be completely representative of the Spanish epidemic. Secondly, not all of the CoRIS participating centres contributed FASTA sequences for our analysis; fortunately, however, although the whole Spanish territory is not covered, we have previously shown 28 the representativeness of CoRIS and our Figure 1 . ML tree of the CRF19_cpx HIV-1 pol sequences sampled in Spain (n " 19) with all the available HIV-1 CRF19_cpx pol sequences retrieved from the Los Alamos HIV sequence database (n " 162). Collapsed branches refer to a random data set of the 100 HIV-1 subtype D pol reference sequences, which was used as an outgroup. The tree was constructed according to the GTR ! Gamma model of nucleotide substitution using RAxML. Branches are drawn on a scale with the bar at the bottom, which represents a 0.05 nucleotide substitution per site. Red branches indicate the CRF19_cpx sequences of the patients sampled in Spain (CoRIS cohort). The city of the patients sampled in Spain is represented on the branch tips (with the same colour code in the map). The statistically well-supported nodes (bootstrap values 90%) are indicated by an asterisk.
serve to alert healthcare managers to enhance preventive measures in order to prevent the continuous expansion of HIV-1 CRF19_cpx, and generally of HIV-1 in MSM, in Spain. Finally, we were unable to demonstrate greater pathogenicity of HIV-1 CRF19_cpx compared with other HIV-1 variants. KC340401   EU342757   ID13   ID6   ID15  ID10   KU685581  KU685582   ID2  ID9  ID14  ID7   ID19  ID5  ID3  ID4  ID8  ID18  ID1 ID16 ID17 Figure 2 . Maximum clade credibility tree generated by the Bayesian inference method using the constant-growth model, as implemented in v. 1.7.5 of BEAST, with all the HIV-1 CRF19_cpx pol sequences (n " 181). Branches were drawn for the country of origin of the sequences. All the Spanish clusters from CoRIS with highly supported nodes (pp . 0.9) are highlighted in blue and defined on a timescale. The sequences are named by the CoRIS ID number or the GenBank accession numbers in other Spanish sequences.
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